The possible consequences of acidification on pearl farming are disruption of oyster metabolism and change in growth. In the laboratory, we studied the impact of pCO 2 (3540, 1338 and 541μatm) on the physiology of pearl oysters exposed for 100 days. This experiment was repeated after an interval of one year. Several physiological compartments were examined in pearl oysters: the scope for growth by measuring ingestion, assimilation and oxygen consumption, gametogenesis by means of histological observations, shell growth by measurement and observation by optical and electronic microscopy, and at molecular level by measuring the expression of nine genes of mantle cells implied in the biomineralisation process. Results from both experiments showed that high pCO 2 had no effect on scope for growth and gametogenesis. High pCO 2 (3540 μatm) significantly slowed down the shell deposit rate at the ventral side and SEM observations of the inside of the shell found signs of chemical dissolution. Of the nine examined genes high pCO 2 significantly decreased the expression level of one gene . This study showed that shell growth of the pearl oyster would be slowed down without threatening the species since the management of energy and reproduction functions appeared to be preserved. Further investigations should be conducted on the response of offspring to acidification.
Echinometrasp., and show strong resistance to high pCO 2 after about one year exposure (Hazanet al. 51 2014) . Similarly the brittlestar Amphiura filiformis shows an increase in metabolism and calcification 52 when exposed to pH 7.3 (Wood et al. 2008 ). In the mussel Mytilus galloprovincialis exposed to high 53 pCO 2 , the scope for growth is better, promoting reproduction; this is due to better absorption 54 efficiency and a lower ammonium excretion rate (Fernandez-Reirizet al. 2012) . Lastly, the metabolic 55 rate of the wild oyster Saccostrea glomeratais not impacted by low pCO 2 (Parker et al. 2012) . This 56 literature review shows that the responses of organisms can be very different. The present challenge is 57 to understand the potential impact of acidification of the aquatic environment on the physiology of 58 the pearl oyster, which is a valuable resource in French Polynesia. Pearl culture there depends on the 59 exploitation of a single species, the pearl oyster P. margaritifera, and relies entirely on the supply of 60 wild juveniles collected on artificial substrates (Thomas et al. 2012) . Cultured pearls are the product of 61 grafting P. margaritifera and then rearing these oysters in their natural environment (Cochennec-62 Laureauet al. 2010) . Considering that the pearl oyster P. margaritifera is an emblematic bivalve of the M A N U S C R I P T
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South Pacific atoll, especially French Polynesia, it is important to assess if climatic stressors impact its 64 physiology, in terms of energy management and biomineralization process. Scope for growth (SFG) is a 65 physiological index commonly used in the strategy of energy management (Bayne and Newell 1983) .
66
Acquisition of energy in bivalves is described by the ingestion rate (IR), the concentration of 67 microalgae being used as a marker (Yukihira et al. 1998) which is a saturating function of microalgae 68 concentration in P. margaritifera (Le Moullac et al. 2013) . Assimilation efficiency (AE) can then be 69 derived by considering the residual organic matter content in the animal's faeces and pseudofaeces.
70
Assimilation of organic matter by a bivalve varies according to the quantity and quality of suspended 71 particulate matter (Saraiva et al. 2011) . Energy losses involve oxygen consumption and excretion 72 (Pouvreau et al. 2000) and are mainly related to temperature and food level (Chavez-Villalbaet al.
73
2013). The scope for growth (SFG), resulting in energy gained or lost, is the difference between the 74 energy acquired by feeding and that lost by respiration and excretion (Pouvreau et al. 2000) . So,
75
knowing the impact of pCO 2 on energy management could help us to evaluate the threshold of risk for 76 survival of the species.
77
The proper functioning of the process of biomineralisation is a challenge in terms of growing pearl 78 oysters and pearl culture. Mantle edge cells are the headquarters of the molecular processes involved 79 in the production of calcite and aragonite (Joubert et al. 2010; Kinoshita et al. 2011) . The molecular 80 processes that control shell growth are subject to environmental conditions. Joubert et al. (2014) have 
81
shown that the deposition rate of nacre at the ventral edge of the shells of P margaritifera depends on 82 environmental conditions and some genes are specifically regulated by the level of food whereas 83 others are controlled by the seawater temperature. Previous studies show that acidification could 84 deregulate the expression of some genes associated with calcification (Liu et al. 2012 ). The question is 85 how these molecular deregulations will impact on the biomineralisation of shell structures.
86
We studied the impact of acidification (pH 7.8 and 7.4) compared with an actual pH of 8.2 on the 87 physiology of pearl oysters at a bioenergetic level by measuring metabolic flux, reproduction and shell 88 biomineralisation at microscopic, microstructural and molecular levels. The effects of these changes M A N U S C R I P T A C C E P T E D 
Experimental design

104
Three different pH levels, 8.2, 7.8 and 7.4, were maintained for 100 days by means of the experimental 105 system described below. This experiment was conducted twice, first from 24 May 2012 and then, after 
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Rearing system and pH control
115
The rearing system was set up in an experimental bivalve hatchery operated by Ifremer in Vairao,
116
Tahiti, French Polynesia. The facility is supplied with filtered (25µm) seawater from the Vairao lagoon.
117
The pearl oysters were placed in 500-litre tanks with controlled flow-through. 
148
To compare ingestion and respiration rates, it was necessary to correct for differences in specimen 
155
Assimilation efficiency (AE) of organic matter was assessed by analysing microalgae, faeces and 156 pseudofaeces according to Conover's method (1966) . The pearl oysters were laid out in a collector, in 157 which the deposits were collected on a 10-µm sieve. Biodeposits were centrifuged for 15 min at 4500 t 
182
Electron Microscopy was performed on the electron microscopy platform (Université de la Polynésie
183
Française). The structure of the shell deposit was observed by scanning electron microscopy (SEM)
184
with a Hitachi Analytical Table Top SEM 
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Reproduction
238
It was necessary to do groupings since the sample sizes for certain classes was insufficient to meet the 239 conditions for the application of the Chi-square test. Therefore, the impact of pCO 2 level on 240 gametogenesis was analysed for three gonadic stages and the two experimental series were grouped
241
( Figure 2 ). With this data set, the Chi-square test did not show any significant effect of the pCO 2 level 242 on the gametogenic process (chi2 = 4.81, p=0.31).
243
Shell integrity, growth and microstructural organisation 244
The external side of the shells whitened during the 100 days of exposure to acidification. 
256
Observation of the growing edge of nacre lining the shells showed that shells exposed to acidified 
264
( Figure 5d ), although the organic matrix disappeared in places (Figure 5e ) and the wave-like pattern 265 became anarchic (Figure 5f ). AtpCO 2 of 3540 µatm the boundary was visible (Figure 5g ), but the 266 organic matrix disappeared completely (Figure 5h ), the aragonite tablets also disappeared leaving 267 space for a kind of nacre where the shelves were merged (Figure 5i ).
268
Mantle gene expression
269
Among the nine candidate genes tested, the expression of eight of them was not modulated by the 270 experimental treatments. The one affected was the Pmarg-PUSP6 gene. Its expression significantly 271 decreased at the highest pCO 2 level compared with the lowest (Table 5, Figure 6 ).
272
Discussion
273
Bivalve growth is known to be strongly influenced by environmental conditions such as food supply 274 and water temperature. The aim of this study was simultaneously to evaluate P. margaritifera 275 bioenergetics and biomineralisation ability depending on pCO 2 level. We acclimatised pearl oysters for 276 100 days at three levels of pCO 2 in two identical experiments with a one-year interval between them.
277
We determined that acidification does not impact on the pearl oyster at the energy management level;
278
hence gametogenesis is not affected. Our observations showed that this shell growth slowdown could 279 result from active chemical dissolution of shell and/or from a deregulation of some genes since we
280
found that the functioning of one of them altered amongst the tested nine.
281
pCO2 did not influence energy management and reproduction
283
The other main result of this study was that high pCO 2 did not change bioenergetics in P margaritifera 284 exposed for 100 days. This has already been found for the mussel Mytilus galloprovincialis, for which 
299
This suggests that P margaritifera appears to be resistant at short term to pCO 2 increase at energy 300 management level implying hence reproduction.
301
pCO2 influences shell integrity, growth rate and molecular process
303
A high pCO 2 level acted on P margaritifera's shell and biomineralisation process. First, the external side 
308
At high pCO 2 of 3540 µatm, the shell deposit rate was reduced and the inside of the shell showed signs 
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332
It would be useful to determine the impact of acidification on ability of gametes for fertilisation and 333 finally on the development of larvae. The shells of larvae, primarily formed of aragonite, could be 334 weakened by low pH, which may alter development until fixation, which is crucial for the bivalves.
335
Changes in Pmarg-PUSP6 expression suggest that other genes are deregulated; only a differential 336 transcriptomic approach could analyse more accurately the effect and consequence of acidification. 
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